Acetaldehyde impairs mitochondrial glutathione transport in HepG2 cells through endoplasmic reticulum stress.
Ethanol impairs the mitochondrial transport of reduced glutathione (GSH), resulting in lower mitochondrial GSH (mGSH) levels. Our purpose was to evaluate the role of acetaldehyde on the regulation of mGSH in HepG2 cells. mGSH levels and transport, mitochondrial membrane microviscosity, and lipid composition were determined in mitochondria isolated from acetaldehyde-treated HepG2 cells. The major ultrastructural changes of acetaldehyde-treated HepG2 cells included cytoplasmic lipid droplets and appearance of swollen mitochondria. Acetaldehyde depleted the mGSH pool size in a time- and dose-dependent fashion with spared cytosol GSH levels. Kinetics of GSH transport into isolated mitochondria from HepG2 cells showed 2 saturable, adenosine triphosphate-stimulated, high- and low-affinity components. Treatment with acetaldehyde increased the Michaelis constant for the high- and low-affinity components, with a greater impact on the former. These changes were due to increased mitochondrial microviscosity by enhanced cholesterol deposition because preincubation with the fluidizing agent, 2-(2-methoxyethoxy) ethyl 8-(cis-2-n-octylcyclopropyl) octanoate, normalized the initial transport rate of GSH into isolated mitochondria. Isolated mitochondria from rat liver enriched in free cholesterol reproduced the disturbing effects of acetaldehyde on GSH transport. The acetaldehyde-stimulated mitochondrial cholesterol content was preceded by increased levels of endoplasmic reticulum (ER)-responsive gene GADD153 and transcription factor sterol regulatory element-binding protein 1 and mimicked by the ER stress-inducing agents tunicamycin and homocysteine. Finally, the mGSH depletion induced by acetaldehyde sensitized HepG2 cells to tumor necrosis factor (TNF)-alpha-induced apoptosis that was prevented by cyclosporin A, GSH ethyl ester, and lovastatin. Acetaldehyde sensitizes HepG2 cells to TNF-alpha by impairing mGSH transport through an ER stress-mediated increase in cholesterol.